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Who I am
After the MD in Electronics Engineering, I join the Italian 

Institute of Nuclear Physics (INFN) in 1992 working in the 
Rome division on the development of supercomputers for 

theoretical physics numerical simulations.

Later  as User Associate at European Organization for 
Nuclear Research (CERN) I participated to the construction 

of the CMS detector that in 2012 was one of the 
experiments that observed a new particle consistent with 

the predicted Higgs boson. .

For several years (1999-2011) I was a Lecturer at the 
Faculty of Engineering at Sapienza University of Rome 

responsible of courses on computer science subject 

Since 2000 I am in the Alpha Magnetic Spectrometer 
collaboration (AMS) (http://ams02.space).

AMS02 is a state-of-the-art particle physics detector 
designed to operate as an external module on the 

International Space Station.

My actual principal fields of interest are Cosmic Rays’ 
Physics, Space Radiation Science.
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INFN has a long and prestigious tradition that 
started in 1951 with Enrico Fermi and his school 

“I Ragazzi di Via Panisperna”
INFN FACILITIES (2022) An International DNA.

Images Courtesy of INFN Communication Office

A. Bartoloni  - Moon Village Association Symposium 3



Publication Impact (November 2022)
Loop | Publication Impact | Dose-Effects Models for Space Radiobiology: An Overview on Dose-Effect Relationships 

(frontiersin.org)
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http://loop-impact.frontiersin.org/impact/article/733337#totalviews/views
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Alpha Magnetic Spectrometer AMS02 

AMS is a particle detector measuring Galactic Cosmic Ray fluxes. 

It was installed on the International Space Station (ISS) on May 19, 2011 
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The AMS02  detector has collected so far 

more than 200 billion Cosmic Rays events.

More Info in the AMS-02 webpage:
https://ams02.space

The AMS Payload Operation Control Center at 
CERN operates 365 days year h24 

It uses the unique environment of space 
to study the universe and its origin by 
searching for antimatter, dark matter 

while performing precision 
measurements of cosmic rays' 

composition and flux.
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https://ams02.space/
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At INFN Roma AMS group, led by Alessandro Bartoloni, the 

primary activity is the use of the AMS measurements of cosmic 

rays  to improve the space radiobiology knowledge with a 

primary emphasis on the
space radiation relevance and risk for human space exploration.

In this topic, there is a strong collaboration and participation to 

the Roma group of the Medical Physics department of the IRCCS 

University Hospital of Bologna, led by Lidia Strigari.

INFN Roma AMS-02 wiki:
https://wiki.infn.it/strutture/roma1/experiments/ams2/homeAvailable Thesis 
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https://wiki.infn.it/strutture/roma1/experiments/ams2/home


Dr. Lidia Strigari

Medical Physics Department 

IRCCS Azienda Ospedaliero-Universitaria di Bologna, Italy 
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Cosmic Rays Interactions with 
the geo-magnetosphere

Earth is a cocoon !!! 

Magnetosphere stops/deflects 
99.9% of charged particles

the Earth Atmosphere is 
equivalent to a metal shielding  

1 meter thick

(credit : ESA)

(credit : CERN)

The annual cosmic ray “dose” at sea level is 
around 0.27 mSv

<10% of “background radiation”
(Radon, Soils, Foods, Medical,..)A. Bartoloni  - Moon Village Association Symposium 15



Image courtesy of European Space Agency (ESA)

Three main components 
None is constant in time

Human Space activities must 
cope with the high radiation 
environment of outer space. 
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The manned spaceflight especially Beyond 
the Low Earth Orbit (BLEO) could represent 

a concern for the health of astronauts.

Questa foto di Autore sconosciuto è concesso in licenza da CC BY-SA

Mars Surface (x250) 

Moon Surface (x300-x400) 

LEO-ISS (x150-200)

Images Courtesy of NASA
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Deep Space (BLEO) travelling (x750)
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https://sv.wikipedia.org/wiki/Internationella_rymdstationen
https://creativecommons.org/licenses/by-sa/3.0/


Travelling to the Moon 
Apollo 11  data reports from dosimetry 1.8 mGy

that the  are optimistically equal to 1.8 mSv 
(Sievert indicates the biological effects).

Less that the annual dose expected on the 
Earth (2.-4.5 mSv)
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Radiation Quality

Flight Path



Travelling through the VAB 
(WorstCase Flight Path ) 
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This analysis reports more than 70 mSv from VABProtons and Electrons  using a 4mm Aluminum shields



April 1972 December 1972

August 1972

The  4 August 1972 Solar Flare

Images Courtesy of NASA
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GCR and SEP interaction with the lunar surface
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Albedo Radiation 

Picture courtesy L.R Dartnell [2013]

Percent Contribution to Effective Dose from Albedo Neutrons on Lunar Surface

behind Aluminum and Polyethylene Shielding exposed From Slaba et Al [2011]
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The limits in carrying out 
the space missions are 
due to health effects 



…do not work in space !

Images Courtesy of NASA
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Radioprotection 
criteria used on 
Earth….

Images Courtesy of US-EPA
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574 people have gone into space
according to the FAI criterion

(as 20 July 2021)
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https://doi.org/10.3389/fpubh.2021.733337
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«Eye-Flashes» Cataract or 

Visual impairments

Biomarkers Chromosomal
Aberrations

Carcinogenesis Cardivascular Disease
(CVD)

Central Nervous System 
(CNS)

Other Risks



Model Study Type Dose Range/Threshold or LET #Papers Reliability Priority

Eye Flashes Spaceflight LET>5-10 KeV/µm 4 **** *

Cataract Spaceflight 8 mSv 5 *** ***

CNS Ground/Simulations 100-200 mGy 11 ** *****

CVD Spaceflight 1000 mGy 4 * ***

Ground/Simulations 0.1-4,500 mSv 8

Cancer Spaceflight < 100 mGy 2 *** *****

Ground/Simulations < 100 mGy 9

Biomarkers or 
Chromosomal Aberrations

Spaceflight <5-150 mGy 11 *** *****

Ground /Simulations < 10,000 mGy 4

Other Risks Ground/Simulations 2,000 mGy 2 * ***

*= Very Low, **=Low,***=Medium,**** = High, ***** = Very High.
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January 2022
Radiation Carcinogenesis LTH Risk (LxC) 

extract of Table in Fig 5.0-1 Matrix showing Human System Risks for different DRMs

LEO Short < 30 D Low 

LEO Long 30 D - 1 Y Mid

Lunar Orbital Short <30 D Low 

Lunar Orbital Long 30 D- 1 Y Mid

Lunar Orbital Short + Surface <30 D Low 

Lunar Orbital Long + Surface 30 D - 1 Y Mid

Mars Preparatory < 1 Y Mid

Mars Planetary > 730 -1224 D Mid

Low Risk Mid Risk High Risk 
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• Small number of astronauts 

• Better baseline features of astronauts 

• Low cumulative doses 

• Latency periods from years to decades 

No statistical significance evidence from the 
literature of radiation cancer induced death 



Uncertainties in risk projection for terrestrial and space exposures 

for adults of age 40 yrs, the typical age of astronauts on space 

missions, for several terrestrial exposures and missions on the 

International Space Station, a lunar colony, and the projections for 

a Mars mission. (Cucinotta et al. 2008).

Summary of mission personnel dosimetry from all 

past NASA crew (Cucinotta et al. 2008).
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New Tools and Technologies will enable to increase the model's 
prediction precision 

Modern 
instrumentation and 

detectors  

Modern dosimeters  

Ad hoc Monte Carlo 
calculation tools (e.g., 

HZETRN, URANOS)
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• using space radiation data  
MC/Cosmic Rays 
Solar Modulation 

over time

•using space radiation data  
shielding 
effects & 

design 

using patients’ images Human models 

comparison of models /data 
Dose effect 

models (cancer 
& survival)

Possible improvements : Identification of sources of uncertainties
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An example on Research activities on DEM in progress at AMS INFN Roma-Sapienza Group 
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«I’m having these light flashes. I’m seeing this , like,  flashing in my
eyeballs. It was like fireworks in your eyeballs. It was spectacular.»

Charles Duke –Lunar Module Pilot of Apollo 16
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Double-Strand Break (DSB)

Single-Strand Break (DSB)
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Summary of mission personnel dosimetry from all 

past NASA crew (Cucinotta et al. 2008).
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Photo courtesy of NASA
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Computer Simulation 
of interactions of IR 

with biological matter
»

Synergy with the 
Clinical Field

Mathematical 
Modelling 

Quantitative Meta 
Analysis 

Radioprotectors 
inclusion in DER

Individual Radio 
Susceptibility

Dose-Effects Model 
Integration Platform

Synergy with 
Astroparticle 
Experiments
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Technological advancements might realize the dream of human space exploration, and 
crewed spaceflights to explore and colonize the Moon and Mars are on the agenda of space 
agencies. 

In the latest years, significant improvements have been made in the absorbed dose-effect 
estimation for predicting risks for human health  on space exploration.

Unfortunately, the number of events helpful in modeling the radiobiological effects is still 
limited. On Earth experiments may reinforce knowledge on cancer and non-cancer space-
radiation induced effects. 

The AMS Roma Sapienza group is part of the scientific community investigating this crucial 
research topic for safe human exploration of space.

Actual research on DEM are on the evaluation in Non Target Effects in Carcinogenesis Risk  



THANKS FOR THE 
ATTENTION !

Alessandro Bartoloni

Alessandro.Bartoloni@cern.ch

Alessandro Bartoloni

AMS02 INFN ROMA and Sapienza University Web Site

«To fully understand the relationship between ionizing radiation and biology, 
and to solve problems in this field, researchers incorporate fundamentals of 

biology, physics, astrophysics, planetary science, and engineering.» (credit : NASA)

08/11/2022

A
. 

B
A

R
T

O
L

O
N

I 
 -

M
O

O
N

 

V
IL

L
A

G
E

 A
S

S
O

C
IA

T
IO

N
 

S
Y

M
P

O
S

IU
M

64

https://loop.frontiersin.org/people/1315928/bio
https://wiki.infn.it/strutture/roma1/experiments/ams2/home
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Energetic particles and completely ionized 

nuclei from outer space

Many orders of magnitude

in energy and flux

E < 100 TeV: direct detection

E > 100 TeV: detection of extensive-air-shower 

The all-particle spectrum is a “power law” in 

many orders of magnitude of energy and 

intensity

with several features (knee, ankle, …) 
γ = 2,7 for energy <100 TeV

γ = 3,3 for energy >100 TeV

Credit C.Sparvoli
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3 possible platform for instruments and detectors

baloons , Satellites , International Space Station  



Cosmic Ray Observatory

“A cosmic-ray observatory 

is a scientific installation 

built to detect high-energy-

particles coming from 

space called cosmic rays. 

This typically includes 

photons (high-energy light), 

electrons, protons, and 

some heavier nuclei, as 
well as antimatter particles.

Credit : P. Picozza (INFN)
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International Space Station based

Principal Operating Cosmic Ray Space Detectors
Satellite Based

AMS02 – 2011

ACE - 1997

CALET - 2015

DAMPE - 2017

ISS-CREAM – 2017-2019
PAMELA – 2006-2016

an ensemble of instruments 
each one designed to 

capture and measure the 
cosmic ray particles
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Missions Operations
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(Image by  V. Choutko – AMS Collaboration)
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AMS02 - 500 MeV-3TeV

50 – 500 MeV

CALET - 1 GeV-10TeV

CALET 

ISS-CREAM 

ISS-CREAM - 1TeV-1PeV

PAMELA - 50 MeV-2TeV

PAMELA 

AMS02 

ACE

Energy (GeV)
1010.1 102 103 104 105 106 1070.01

DAMPE - 5GeV-100TeV

DAMPE 

The biological effects of ionising radiation 
is a consequence of the energy transfer 

by ionization and excitation
to body cells
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Cosmic Rays 
Solar Modulation

Cosmic rays from interstellar medium are 
«screened» by the Heliosphere.

This effect is particularly visible at low energies

Measurements of time evolution of cosmic ray 
fluxes of different particles over an extended 

period of time is very valuable

C
re

d
it

 S
.T

in
g

&
 A

M
S

 C
o

ll
a
b

o
ra

ti
o

n

A
. 

B
A

R
T

O
L

O
N

I 
 -

M
O

O
N

 V
IL

L
A

G
E

 

A
S

S
O

C
IA

T
IO

N
 S

Y
M

P
O

S
IU

M

73



Short term Solar Modulation of GCR

Daily Proton and Helium Fluxes and Helium to Proton flux ratio 
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Particles trapped in the Earth magnetic field create regions of high radiation called Van Allen belts.
The ISS crosses one of the belts over South America, causing a sudden increase of the 

observed radiation known as the South Atlantic Anomaly.

Cosmic Rays in the Magnetosphere

(Figure credits: NASA)

ISS
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THE RESEARCH
TOPIC

INIT IATIVE

Research Topics are Open Access 

themed article collections (similar in 

nature to classical special issues) with: 

a dedicated landing page, Continuous 

publication, Advanced impact metrics, 

Cross-disciplinarity, Multiple article 

types, e-book production



Improve the Radiation Health 
Risk Assessment for Humans 

in Space Missions 
Since 2018, the INFN Roma Sapienza AMS group has collaborate 
with researchers and scientists to investigate the possibilities of 
using the CRD to improve the radiation health risk assessment for 
humans in space missions.

Collaborations were mainly focused on creating synergy within 
different scientific communities (radiobiology, medical physics, 
radiotherapy, and nuclear medicine) and institutions (Research, 
Universities, Space Agencies and Industry).

In 2019 we organize at INFN Roma Sapienza a thematic meeting 
with participants from ESA and Thales Alenia Space 



The Research Topic Initiative 

- While progressing in the research activity raised the awareness that to make progress in such a field it was required a 

new scientific language able to connect and create synergy betweendifferent scientific communities. 

- Firstly, cause to understand the relationship between ionizing radiation and biology and to solve problems 
in this field, researchers incorporate fundamentals of biology, physics, astrophysics, planetary science, and 
engineering.

- Further space exploration and colonization collectsthe worldwide hopes of a new era characterized by 
transparency and peacefully development. In that sense, these expectations coincide with the primary scientific 
interest, and science could play a breakthrough role in such direction.

- Among the many possibilities thus, we decided, supported and asked by the Frontiers Editorial team, to launch this 

research topic named ”Astroparticle Experiments to Improve the Biological Risk Assessment 
of Exposure to Ionizing Radiation in the Exploratory Space Missions”.

-



TOPIC EDITORS

Alessandro 

Bartoloni

Cristina 

Consolandi 

Lidia 

Strigari

Nan

Ding
Gianluca 

Cavoto

We created a research topic editorial board that was representative of different scientific cultures and geographic areas and invited 
many researchers and scientists from many different research areas due to the strong interdisciplinarity of the topic. 
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